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Abstract 
Distributions of drinking water in gallons often do not pay attention to the problem of finding the most optimal route, 
thus causing inefficiency in the cost of shipping. To minimize incurred costs, it is necessary to minimize vehicle fleet 
and amount of travel distance, with the restriction that the vehicle must have sufficient capacity to transport the goods 
to be shipped and return it back to the depots. This problem could be framed as a Vehicle Routing Problem with pick-
up and delivery (VRPPD). 
In this paper, we propose a method to optimize delivery route in a drinking water depot by combining genetic 
algorithm (GA) and Tabu search. GA has advantages by providing possible solutions while Tabu covers up its 
shortfall in identifying local solutions so that searching will able to avoid loop in the area of the same solution.  
Experimental results show that the proposed method is more efficient than a manually predetermined route. 
 
© 2015 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the scientific 
committee of The Third Information Systems International Conference (ISICO 2015) 
 
 Keywords: vehicle routing problem; pick-up and delivery; gallon water; genetic algorithm; tabu search 
 
* Corresponding author. Tel.: +62 31 5999944. 
E-mail address: amalia@its-sby.edu. 
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of Information Systems International Conference (ISICO2015)
504   Amalia Utamima et al. /  Procedia Computer Science  72 ( 2015 )  503 – 510 
1. Introduction 
The deployment of product to end customer requires companies to conduct distribution. This activity 
has important influence on customer satisfaction. Distribution is carried out in various types of vehicles to 
deliver products to customers through a travel route that had been predetermined. To make this process 
runs smoothly, a plan is needed in order to get accurate distribution schedule and appropriate vehicle. 
 
Determining distribution schedule and vehicle route is not easy and inadequate planning can result in 
delays. The waiting time and delay will affect time of service especially in a shipping route with more 
than one customer. These conditions can cause customer dissatisfied and feelings of aggravation [1]. 
Another problem that may occur is availability of vehicles for product delivery. It affects not only the 
company but also customers in time and cost. The delivery time becomes ineffective because delay and 
waiting time on the road or while waiting in queues for consumers. The use of resources that are not 
effective can result in increased costs to distribution process. To address these problems, we need a 
systematic calculation to determine the distribution of the product on the company [1]. 
Recently, drinking water depot business is growing rapidly. Its main business is sending gallons of 
sealed water products and taking back an empty gallon of customers. DWD Banyu Belik is our case study 
to represent the distribution problem of gallons. This company needs optimization of route delivery and 
product retrieval to minimize cost of business processes and this is often referred as a vehicle routing 
problem (VRP). In this paper, we deploy genetic algorithm (GA) to achieve optimal solution of VRP. 
This algorithm is frequently cannot get an optimum solution but it results in a solution is very close to the 
expected solution. Recent researches have shown that Tabu Search, a metaheuristic procedure to solve 
optimization problem, can guide GA for escaping the trap of local optimality [9,10]. Therefore, we 
combine GA with Tabu Search (TS), which we called GA-TS, to prevent the searching falling into local 
minima and together GA-TS can get optimum solution.   
 
2. Literature Review 
2.1. Vehicle Routing Problem with Pick-up and Delivery (VRPPD) 
Vehicle routing problem with pick-ups and delivery (VRPPD) is a VRP which customers are likely to 
return the involved products. VRPPD requires cargo calculation for delivery and collection of goods to 
customers. The parameters are capacity of the vehicle, the distance of transmission or the number of 
vehicles needed. [4] 
The purpose of taking into account cost of distribution is to minimize vehicle fleet and travel time, 
with the restriction that vehicles must have sufficient capacity to transport and take customer’s empty 
products to return to the initial point. A solution is feasible if total cost assigned to each route does not 
exceed vehicle capacity and vehicle has sufficient capacity to take back the goods from customer [1]. 
Dethloff stressed the importance of VRPPD for logistics activities and he investigated the relationship 
between VRPPD and other types of routing problems. He proposed a mathematical formulation for this 
problem and developed a heuristic-based insertion using multiple criteria [5]. Equation 1 is the objective 
function of VRPPD used in this research is based on [1] and [5] as the minimization of total travelled 
distance by vehicles those serve customer nodes.  Table 1 provides the list of constraints of the VRPPD 
objective function. 
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Minimize : 
 
σ σ σ ܥ௜௝ ௜ܺ௝௩௩א௏௝א௃೚௜א௃೚                                                                             (1) 
 
 
 
Table 1. Constraints on VRPPD 
σ σ ݔ௜௝௩ ൌ ͳǡ ݆ א ܬ௩א௏௜א௃బ   Each node is only served by a fleet 
σ ݔ௜௞௩ ൌ σ ݔ௞௝௩ǡ ݇ א ܬǡ ݒ א ܸ௝א௃బ௜א௃బ   Each vehicle will be in and out of the same 
city. 
݈Ԣ௩ ൌ σ σ ௝݀ݔ௜௝௩ǡ ݒ א ܸ௝א௃௜א௃బ   The amount of the maximum load for each 
vehicle as it leaves the depot. 
௝݈ ൒ ݈Ԣ௩ െ ௝݀ ൅ ݌௝ െ ܯ൫ͳ െ ݔ଴௝௩൯ǡ ݆ א ܬǡ ݒ א ܸ 
௝݈ ൒ ݈௜ െ ௝݀ ൅ ݌௝ െ ܯ൫ͳ െσ ݔ௜௝௩௩א௏ ൯ǡ ݅ א ܬǡ ݆ א ܬǡ ݆ ് ݅  
݈Ԣ௩ ൑ ܿܽ݌ǡ ݒ א ܸ 
௝݈ ൑ ܿܽ݌ǡ ݆ א ܬ 
The amount of the maximum load for each 
vehicle after serving node j. 
ݏ௝ ൒ ݏ௜ ൅ ͳ െ ݊൫ͳ െ σ ݔ௜௝௩௩א௏ ൯ǡ ݅ א ܬǡ ݆ א ܬǡ ݆ ് ݅  
ݏ௝ ൒ Ͳǡ ݆ א ܬ Each fleet has only one route 
ݔ௜௝௩ א ሼͲǡͳሽǡ ݅ א ܬ଴ǡ ݆ א ܬ଴ǡ ݒ א ܸ Decision variable is a binary number. 
 
Sets: 
ܬ: Set of customer nodes. 
ܬ଴: Set of all nodes including depot. 
ܸ: Set of vehicles. 
ܿܽ݌: Vehicle capacity. 
ܿ௜௝: Distance between node ݏ௜ and ݆௜, ݆ א ܬ଴ǡ ݅ ് ݆. 
௝݀: Delivery amount demanded by customer node ݆ א ܬ. 
݌௝: Pick-up amount of customer node ݆ א ܬ. 
݊: Number of nodes. 
ܯ: Sufficiently large number 
݈௩: Load of ݒ௧௛vehicle when leaving the depot. 
௝݈: Load of vehicle after served customer node ݆ǡ ݆ א ܬ. 
ݏ௝: Variable used to avoid subtours, can be interpreted as position of node ݆ א ܬ in the route. 
ݔ௜௝௩: Binary decision variable that indicates whether ݒ௧௛ vehicle travels from ݅ to ݆. 
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2.2. Hybrid Genetic Algorithm 
GA had been used in many problems such as facility layout problem, construction site layout 
problem, vehicle routing problem, etc [2, 3, 6]. Moreover, GA is also commonly combined with various 
algorithms, for instance, Hybrid GA-PSO (Particle Swarm Optimization) has been found to be an 
effective algorithm for allocation problems [7]. Furthermore, Hybrid GA-SA (Simulated Annealing) 
provided a more valid result in job shop scheduling problems [8]. However, the basic ideas of 
determining vehicle route by using a combination of GA and TS algorithm are combining parallel 
computation of GA, global optimization of TS, and fast local search of TS. In other words, encoding 
algorithms using natural numbers, the individuals of the population do a local search using TS with a 
certain degree of probability that not only guarantee global optimization, but also increase the speed of 
calculation [9, 10].  
Comparison between GA and TS has shown if they have their own disadvantages and advantages. 
GA finds a solution more quickly if it is close to the best solution, but it can fall in local minima easier. In 
contrast, TS can prevent falling into local minima, but search speed is slower than GA [2]. Therefore, we 
propose Hybrid GA-TS to solve VRPPD. We will use TS after getting GA fitness value. If the fitness 
value after using TS is better than previous fitness value, we will use the solution as the final one. 
Otherwise, the algorithm will back to the final solution generated by GA. 
3. Methodology 
Firstly, data and information relating to the gallons distribution of DWD Bane Belik are collected. 
More specifically, the data contain active customer data, the number of vehicles and their capacity, 
customer demand and their location. There are several input variables and assumptions, namely: customer 
demands for the delivery and collection of gallons, distance of each nodes (represent towns passed by 
shippers) as well as assuming the capacity of the vehicle. Mathematical model compiled based on [5] and 
include aspiration or criteria as the objective function and constraints functions. The objective function is 
to minimize the total cost of the trip.  
GA-TS algorithm consists of two main stages, the first phase is GA process and Tabu Search 
becomes the second phase. Chromosome which has the highest fitness yield from GA part will be the 
input of Tabu Search process.  Next, the implementation of GA-TS to overcome VRPPD was explained 
hereafter. 
Each chromosome represents the number of town/destination, while every locus contains gene which 
depicts the customer location/node. The chromosome illustration is shown in Figure 1. The “0” value in 
the beginning and in the end of the chromosome’s genes represent the original depot. In other words, 
because of the necessity of vehicles to return to the original depot, then “0” value is also added in the 
end of chromosome’s genes. The population size, crossover probability, and mutation rate were set 100, 
0.8, and 0.1 respectively [3]. 
 
0 1 3 6 2 7 8 4 5 9 0 
Fig. 1. Chromosome representation with 9 customers/nodes 
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3.1. Genetic Algorithm Design 
The procedures of Genetic Algorithm are provided in Table 1. In the first generation, initial 
population was generated randomly while for following generation, the population will consist of both 
individuals from elitism and randomly generated individuals. Next, fitness value of each chromosome is 
calculated then followed by Roulette Wheel Selection.   The chromosomes chosen from Selection process 
will mate with the concept of Partial Mapped Crossover [1].  
 
Table 2. Genetic Algorithm stage 
Step 1: Initialization 
Step 2: Fitness Calculation 
Step 3: Roulette Wheel Selection 
Step 4: Crossover & Mutation 
Step 5: Fitness Calculation 
Step 6: Replacement & Elitism 
Step 7: Meet max iteration? If Yes stop, if No go to step 2 
 
 
 
Fig. 2. Partial Mapped Crossover 
The example of Partial Mapped Crossover is shown in Figure 2 which mates the three genes in the 
first parent with the associated three genes on the second parent. For instance, as shown in Figure 2, there 
are 9 customers. Three randomly generated locations of genes are chosen from Parent 1, those are 
customer number 5, 4, and 7 and then we search these customers number from Parent 2. Since the 
sequence of these three customers in Parent 2 is different from Parent 1, then the composing of first child 
is become like the left side of Figure 2. On the other hand, the construction of child 2 is shown in the right 
side of Figure 2. Since VRPPD has permutation restriction which just traverses each customer only once, 
the replacement process should considers the genes those have the same value as a gene that does not 
appear after the crossover process.  
After crossover process, the mutation is probably occurred with the rate 0.1. The illustration of two-
point mutation phase is shown in Figure 3. There are 9 customers in the chromosomes and two locations 
are randomly selected in this mutation process. The associated customers in those points then swapped 
like described in Figure 3.  
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Fig. 3. Mutation 
In the replacement step, parental chromosomes are replaced by their offspring. The elitism is 
also followed this step with rate 10% of the population size. Elitism copies the best individual in the 
population to the next generation as an effort to preserve the best individuals that have been obtained in a 
generation to the next generation. The process of making new population will continue to repeat until the 
algorithm reaches the maximum number of generation. 
3.2. Tabu Search Part 
Global best chromosome which is the output of genetic algorithm becomes the input in Tabu 
Search algorithm. Tabu search algorithm using the taboo list to save a set of solutions that just evaluated. 
At each iteration of the solution will be matched in advance with the content of the taboo list to see 
whether such a solution already exists on the taboo list, then the solution will not be re-evaluated in the 
next iteration. If there is no more a solution which is not a member of the taboo list, then the best value 
newly obtained with the shortest total distance is the best solution. [3] 
4. Results and Analysis 
For validating the GA-TS solution, the dataset RC 105 Solomon taken from [11] is used. Based on 
the experimental results, GA-TS can provide similar solution compare to best known result for the 
Solomon dataset. Next, the experiments and analysis of the results which were obtained from the 
implementation of GA-TS are shown in Table 3. Trial parameters that used in the trials are the number of 
population (NPOP) and the value of crossover probability (Pc) in total distance.NPOP parameter is varied 
from 100, 200 and 300 in each experiment, while Pc is between 0.2 - 0.9 in each experiment. Mutation 
rate is set 0.1 in all of the experiments. According to Table 3, the best results in the shortest distance test 
which obtained on GA-TS is 1679.01 km with NPOP parameter 300, Pc 0.8. 
After finding out the best parameters of the experiments using a dataset, next, the DWD Banyu 
Belik data is utilized. The experimental results of the GA-TS are described in Figure 4(a). The total 
distance of the starting route by DWD Banyu Belik is 771.6 km, while the route which generated by GA-
TS is 688.8 km. So, it can be concluded that the route which generated by the GA-TS is smaller than the 
initial route which has been done by DWD Banyu Belik. Figure 4(b) provided the optimal route which 
generated by the combination of the algorithm is 1-2-7-20-19-5-6-9-14-4-3-12-15-11-8-16-10-21-18-13-
17- 1. 
 
Table 3. Best Results From Each GA-TS Algorithm Trial 
Pc NPOP Total Distance 
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0.2 100 1821.5 
0.2 200 1838.2 
0.8 300 1679.01 
0.7 100 1682.2 
0.5 200 1690.9 
 
     
Fig. 4. (a) Comparison Distances Chart; (b) Optimal Routes by the Hybrid GA-TS 
5. Conclusions 
This paper applies the combination of Genetic Algorithm and Tabu Search to solve gallons 
distribution problem, categorized as VRPPD, in DWD Banyu Belik. Based on the experimental results, 
determining the route using a combination of Genetic Algorithm and Tabu Search (GA-TS) can provide 
the best optimal results compared to predetermined route of DWD Banyu Belik. Moreover, GA-TS is 
proved to produce a more optimal result than a single GA algorithm. 
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